Background: gamification is a potentially attractive option for improving balance and reducing falls. Objectives: to assess the effect of balance training using the NintendoTM Wii game console on balance (primary outcome), falls and fear of falling. Design: quasi-randomised, open-label, controlled clinical trial in parallel groups, carried out on community-dwelling patients over 70 years, able to walk independently. Participants were assigned 1:1 to the intervention or control group. Balance training was conducted using the Nintendo WiiFit TM twice a week for 3 months. Balance was assessed using the Tinetti balance test (primary outcome), the unipedal stance and the Wii balance tests at baseline, 3 months and 1 year. Falls were recorded and Fear of falling was assessed by the Falls Efficacy Scale (Short-FES-I). Results: 1,016 subjects were recruited (508 in both the intervention and the control group; of whom 274 and 356 respectively completed the 3-month assessment). There was no between-group difference in the Tinetti balance test score, with a baseline mean of 14.7 (SD 1.8) in both groups, and 15.2 (1.3) at 3 months in the intervention group compared to 15.3 (1.7) in controls; the between-group difference was 0.06 (95% CI 0.30-0.41). No differences were seen in any of the other balance tests, or in incident falls. There was a reduction in the fear of falling at 3 months, but no effect at 1 year. Conclusions: the study found no effect of balance training using the Nintendo TM Wii on balance or falls in older community-dwelling patients. The study protocol is available at clinicaltrials.gov under the code NCT02570178.
• A reduced fear of falling was found after balance training using the Nintendo TM Wii console in older adults at 3 months, but no longer at 1 year. This may be a chance finding.
Introduction Background
Falls and their consequences constitute a major health problem for older adults, due to both potential physical injuries as well as psychological trauma with fear of falling, loss of self-confidence, loss of autonomy and reduced quality of life [1] ; there is a substantial financial burden associated with hospitalisation, institutionalisation and even death [2] . Over the course of a year, 30% of adults over 65 years of age fall at least once [3] .
It has been suggested that balance training using home video consoles may be an effective intervention for older adults to improve balance and reduce falls [4, 5] . The Nintendo TM Wii console, together with the Nintendo WiiFit TM game and Wii Balance Board, offers the possibility of following a balance training exercise programme [6] [7] [8] [9] . This is a low-cost technology that can be used recreationally both on an individual and group basis. However there is no consensus on what exercises, doses or maintenance times should be used [10, 11] , and the largest clinical trials published to date have been conducted on samples of just 40-60 people, with uncertainty about any benefits [4, 5] .
Objectives
The primary objective of this study was to determine whether balance training, delivered using the Nintendo WiiFit TM video console, improved balance in older adults. Secondary objectives included assessment of effect on falls and fear of falling.
Methods

Trial design
Quasi-randomized, open (non-blinded), controlled clinical trial in parallel groups (allocation ratio 1:1) that compared an intervention group, which received balance training using the Nintendo WiiFit TM , with a control group which received usual care. Potential participants were identified from the primary care lists, and recruited via telephone calls by clerical staff. A detailed description of the study protocol was published at clinicaltrials.gov under the code NCT02570178, as of 2 July 2015 [12] .
The primary outcome was the Tinetti's balance test (scored from 0 to 16 points; higher scores indicate better balance); secondary outcomes included the Tinetti gait test (0-12 points), total Tinetti score (balance plus gait; 0-28 points) [13] ; the unipedal stance test (patient able to stand up on one foot without any support for 5 s [14] , assessment of balance through the balance percentage calculated by the WBB in the Wii balance test from 0 to 100 points (higher scores indicate better balance) [15] , fear of falling and selfefficacy regarding falls through the Falls Efficacy scale or Short-FES-I (7-28 points, lower scores indicating less fear of falling) [16] , and the number of falls during the study period.
The study protocol was approved by the ANONYMIZED. All data were anonymized and the confidentiality of EHR was respected at all times, in accordance with national and international law.
Participants
Inclusion criteria
Patients 70 years of age or older who were able to walk independently (with or without walking aids) attending one of five primary care centres.
Exclusion criteria
Home care patients, patients receiving rehabilitation treatment for gait, patients with moderate cognitive impairment (Pfeiffer's test ≥5 [17] ), patients in terminal phases of disease, patients without a telephone, patients with difficulties communicating (sensory impairment and language barriers).
Interventions
Balance training was performed by using the Nintendo TM Wii console and the WBB. We used eight out of the nine exercises in the balance category of the Nintendo WiiFit TM game (balance bubble, soccer heading, ski jump, table tilt, ski slalom, penguin slide, snowboard slalom, tightrope walk) [18] . Two 30-min sessions per week during three months were carried out. Training was delivered in groups of four persons and the same exercises at the same time were performed. The groups were guided by support monitors who had received standardized training. During the training sessions, participants stood barefoot on the WBB and performed the various exercises included in the balance category of the Nintendo WiiFit TM game following the instructions displayed on the screen. Chairs were available for anyone who wanted one to guarantee their safety and catch themselves in case they lose their balance. The monitor was in charge of handling the consoles, collecting data, keeping order and managing the time so that all exercises were completed in each session. The number of repetitions of each exercise varied depending on the participants' agility, but the total time dedicated to each exercise was the same for all participants in the group. The intervention was considered to be complete if participants attended at least 80% of the sessions. The second visit was performed after the 3-month period (up on completing the intervention) and the Controlled trial of balance training using a video game console in community-dwelling older adults third visit 1 year after the beginning of the study (9 months post-intervention). Thus, the two groups participated in the study for one year. Balance tests were repeated at every visit for both groups. Participants were also asked for new falls in every visit. The intervention was performed in a nursing home and the follow-up visits in five primary Healthcare centres.
Outcomes
The primary outcome was the change in the Tinetti balance test from baseline to the 3-month follow-up visit. Secondary outcomes included the unipedal stance test and Wii balance test, falls and fear of falling.
Sample size
We calculated that 380 patients per group were required to give 80% power at P = 0.05 (2-tailed) to detect a betweengroup difference of 0.5 points in the sub-scale of Tinetti's stationary balance test (score range 0-16 points), assuming a standard deviation of 2.2. The study numbers were inflated to allow for loss of up to 20% of patients in follow-up. More detailed information regarding sample size can be found in the study protocol [12] .
Randomisation
At the initial visit, having revised the inclusion/exclusion criteria and signing the informed consent, each participant was assigned an identification code. This code contained four digits: the first referred to their primary healthcare centre and the rest were sequential numbers. Participants were assigned by the care provider (nursing staff) to the intervention or control group based on whether or not their code was odd or even (odds were the intervention group and evens were the control group).
Statistical analysis
Descriptive statistics were used to summarize overall data, describing demographic characteristics of the groups. Categorical variables were expressed as absolute number and percentages and continuous variables as means or (9) Moved (8) Training problems (17) Other (10) Drop outs n = 55 Unreachable (2) Exitus (1) Lack of interest (7) Lack of time (0) Distance (3) Health problems (5) Family problems (1) Moved (1) Training problems (2) Other (3) Drop outs n = 64 Unreachable (7) Exitus (0) Lack of interest (18) Lack of time (0) Distance (0) Health problems (7) Family problems (0)
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Drop outs
medians and standard deviation (SD). To compare the differences between groups before and after intervention, Student's T-test and McNemar's test were used. A secondary analysis was carried out on those patients who completed the study intervention (per-protocol analysis). All statistical tests were two-sided and the level of significance was set at 5%. Statistical analyses were performed using Stata/SE, version 14 for Windows (Stata Corp. LP, College Station, TX, USA).
Results
A total of 1016 participants were recruited between October 2013 and November 2016; 508 were assigned to the intervention group and 508 to the control group, of whom 469 proceeded with the study (Figure 1 ).
Baseline data
Five hundred and seventy-seven (59%) participants were female; the median age was 75 (73-79); 121 (13%) required technical assistance to walk and had better scores on the fear of falling assessment (median Short-FES-I = 8). A record of falls in the previous year was observed in 192 (38%) of the intervention group compared to 120 (26%) of the controls, [192 (38%) vs. 120 (26%)] (Table 1 and Appendix 1 available in Age and Ageing online).
Outcomes
We observed no difference between groups on any of the balance tests post-intervention (at 3-month and 1-year follow-up visits), even though the intra-group balance scores improved at 3 months and 1 year. We found a reduction fear of falling in 0.63 points (P = 0.008) at 3 months in the intervention group compared to controls that was not maintained in the 1-year follow-up visit ( Controlled trial of balance training using a video game console in community-dwelling older adults
Drop outs and harms
Three hundred and forty-seven (36%) participants dropped out of the study at 3 months, 234 (46%) in the intervention group vs. 113 (24%) of the controls. . The reasons for dropping out of study due to the training itself can be categorised in three groups: pain (n = 9), difficulty performing exercises (due to difficulties with mobility n = 4 due to a sensation of instability n = 3) and exhaustion (n = 1). (Figure 1 and Appendix 3).
Discussion
Our study showed no beneficial effect on balance or falls of 3 months of balance training using the Nintendo Wii video console. We found a reduction in fear of falling at 3 months but this was no longer present at 1 year; this is most likely to be a chance finding. To date, this is the largest clinical trial of its kind [10, 11, 19, 20] . Exercises were performed safely; no accidents were recorded during training and the monitors did not have to prevent any falls. We did not perform warm-up exercises prior to the training.
To date, group and home exercise programmes containing some balance and strength training exercises, such as Tai Chi, are known to be effective in reducing falls according to the Cochrane review [21] . For multifactorial interventions, it is not known whether their efficacy may depend on factors that have not yet been determined.
It is possible that the balance variables analysed were compromised by the ceiling effect [22] , making it impossible to observe improvements. It must be considered that the study population consisted of healthy, 'robust' older adults who live in the community and who already presented good results on all the balance tests at the baseline visit. The percentages of falls in both groups (38% intervention group and 26% control group) are similar to other studies in this age group; in our region, the percentage of falls in patients older than 65 ranges from 14% to 46% [3] .
It is worth noting that there were baseline imbalances between our two groups. The intervention group had more women and a higher percentage with previous falls. This could be a source of bias.
Limitations
Our trial had a number of limitations. First, the non-random method of group allocation using odd and even numbers is prone to bias, as the allocation of patients can be anticipated. P. Montero-Alía et al.
Blinding of patients was not possible, and there was no formal blinding of outcome assessors. It is also worth noting that there were baseline imbalances between our two groups. The intervention group had more women and a higher percentage with previous falls. There was substantial attrition, both immediately after allocation and during follow-up; 39 participants in the control group refused to participate after recruitment and assignation of codes. Third, adherence to the training programme was a further problem (mostly due to health problems or lack of interest).
In conclusion, our study failed to demonstrate benefit from balance training using the Nintendo Wii video console in terms of any change in the balance tests or incident falls; the reduction in fear of falling at 3 months may be a chance finding.
